With the Klemm method, the internal m obility ratios o f the Li and K. 6Li and Li, and 39K and 41K have been measured for melts o f the system (Li. K)C1 near the eutectic com position (ca. 56% Li) in the range 7 2 9 -9 7 6 K. Under all these conditions the Chem la effect occurs, i.e. ^Li<^K. (b-internal m obility). In the region near the anode the com position becom es that corresponding to the Chemla crossing point, which shifts with temperature toward higher concentration of Li+. Both bu and bK have been found to be well expressed by the equation b = [A/( V -F0)] e x p ( -E/RT) (V: molar volum e. A and E: constants depending on the respective cation. F0: a parameter depending on the respective cation and temperature), which is also valid for the m obilities in alkali nitrates when the C oulom bic attraction plays a dominant role. The isotope effects o f both cations seem to be similar increase with temperature.
Introduction
It has been shown for molten nitrates that internal mobility data of binary nitrates are more infor mative than those of pure nitrates for the under standing of the ionic transport [1] , In many additive binary molten salts with two univalent cations the Chemla effect [2] occurs. Its interpretation may be the key to a better understanding of the mechanism of ionic transport in molten salts.
Alkali chlorides are the most typical and simple salts, and therefore we have chosen the (Li. K)C1 system in this study, which is also among the most useful ones from a practical viewpoint. Although the melting points of mixtures of halides are higher than those of nitrates, a wide temperature range can be covered. The isotope effects of the internal mobilities have also been determined and compared with those of the pure salts, i.e. LiCl and KC1.
Ratios of the internal mobilities of the present system had been determined with the Hittorf method [3] and the Klemm method [4] ; the former experiments were done around 913 K and the latter at relatively low temperature (700-778 K). Smir nov et al. measured the ratio in the systems (Li. K)C1, (Li, Cs)Cl, (Na, K)C1 and (Na, Cs)Cl with the EMF method [5] and regarded it as tempera ture-independent. overlooking the previous findings mentioned in such papers as [6 . 7] that the mobility ratios of two cations in an additive binary mixture are generally temperature-dependent.
We have employed the Klemm method, i.e., a countercurrent electromigration method, which is the most accurate one for the present purpose.
One of our experiments has already been report ed in a previous paper [8] in order to demonstrate an anomalous isotope distribution in a separation tube containing a binary mixture such as the present one.
Experimental
The chemicals LiCl and KC1 were of reagent grade. The salts were dried at 120 °C overnight, mixed in a prescribed ratio and melted. No attempt was made to remove remaining traces of moisture, since the Klemm method is insensitive to its presence in the separation tube.
An electromigration cell is shown in Figure 1 . A portion of the melt was stored in a small vessel. 8 6 / 0800-1034 $ 01.30/0. -Please order a reprint rather than making your own copy. from which the melt was filled into a separation tube before each run of electromigration, since the salt in the large vessel could become contaminated after several runs of electromigration. Both electrodes were carbon rods. Chlorine gas, which was dried by passing through conc. sulfuric acid, was bubbled into the melt around the cathode in order to convert otherwise electrodeposited metal into the chloride. The conversion was smooth above ca. 490 °C.
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In most runs the temperature was kept at the respective average value within ± 8°C; the vertical temperature distribution in the melt was also nearly within this range.
After electromigration, the separation tube was taken out, thoroughly cleaned on the outside wall, and cut into pieces of ca. 1.5 cm (corresponding to ca. 100 mg of salt) for chemical analysis and mass spectrometric analysis. The salt in each piece was dissolved in distilled water, and after taking out the quartz powder, the solution was diluted to 100 cm 3. From this 2 cm 3 were taken and diluted to 100cm3 for chemical analysis; for Li+ and K+ ions atomic absorption and emission spectrometry was em ployed. respectively. The total amount of the cations in each fraction was also checked a few times by titrating the H+ ions eluted from a cation exchanger (Dowex 50W-X8) column charged with another portion of the solution.
Results
The main experimental conditions and the results are given in Tables 1 and 2 . The £c, eLi, and eK are defined as
where b is internal mobility; b = "Xy bLi + .yk (.y: mole fraction, .vLi + ,yk = 1), b L l = y6 b6 + y 7 b7 and = J'39 639 + V41/>4i (v: abundance of the iso topes, i.e., v6 + v7= 1 and v39+ v4i 4= 1); suffixes 6 . 7, 39 and 41 refer to 6Li+, 7Li+, 39K+ and 4,K+ ions, respectively. These values were calculated according to the equations in [8, 9] .
The average composition in a few fractions near the anode is given as Ay in Table 1 . In the first fraction, which included salt sticking to the inner wall of the separation tube around the anode, the concentration was rather irregular, probably because of evaporation. Meanwhile in the next few fractions, the concentrations were virtually constant, the averaged value of which is given.
In all the runs an anomalous distribution of the lithium isotopes was observed along the separation tube. The zone next to the anode, where 7Li is enriched, was immediately followed by a region where a slight but distinct enrichment of 6Li occurred, whereas 41K was enriched in both these regions. A typical example of the distribution of the isotopes was given in [8] . 
Discussion
The temperature-dependence of ec near the eutectic composition is shown in Fig. 2 , the ec values obtained by the previous studies [3. 4] also being shown for comparison; the agreement is good.
Under the experimental conditions the Chemla effect occurred (cc < 0). The measured final com position around the anode .y£ is plotted against temperature in Figure 3 . Note that the composition at the anode must in the long run become that corresponding to the Chemla crossing point [10] . In Fig. 3. .VLj values obtained in other studies [3, 4] are also plotted. Besides, the .Yy value at 1100 K can be estimated to be 0.90 from Fig. 4b in [5] , Kanno [11] has reported two experiments at 973 K on (Li. K)C1 melts with the initial compositions of 67 and 33 mol% of LiCl. The composition had changed in the whole separation column, and no calculations can be made of the elementary separation factors ec, £y, and eK, but for both experiments the highest concentration of Li obtained near the anode is ca. 0.8. Thus, our values are in good agreement with the others.
In Fig. 4 , isotherms of bu and bK are shown; data on conductivity and molar volume needed for these calculations are taken from [12] , It should be noted that the slopes of the isotherms for bL ] are consider ably steeper than those in binary alkali nitrates but somewhat less steep than those in (Li. K)2C 0 3 [13] . Thus, this difference may be attributed to that in the Coulombic attraction between cation and anion rather than to that in the shapes of the anions, since the shapes of nitrate and carbonate ions are very similar. As the Coulombic attraction between unlike ions is stronger, an increase of the average distance between neighbouring anions will result in a more substantial increase of the potential barrier for a cation moving from one anion toward another.
In the present system the composition near the anode becomes soon that of the Chemla crossing point because the slopes of the isotherms of the two cations differ considerably.
As seen from Figs. 3 and 4, the Chemla crossing point shifts with increasing temperature toward higher concentrations of the smaller cation, as is always observed with the Chemla effect. This can be explained in a similar way as in the compositiondependence of the isotherms of cation internal mobilities stated above. As a cation is smaller, the Coulombic attraction part of the pair potential curve with the counter anion is steeper. Therefore, an increase of the average distances between neigh bouring anions caused by a temperature increase will give rise to a steeper barrier for a smaller cation than for a larger one to move away from the nearest neighbouring anion. In other words, with increasing temperature the association of a smaller cation increases faster than that of the larger one [14] . Thus, b L[/b K decreases with temperature. In case that the Coulombic attraction between unlike ions is the dominant factor influencing the relative magnitudes of cationic mobilities [15] , the internal mobilities of the cations of binary mixtures of alkali nitrates have been found to be well expressed by the equation
where A and E are constants depending on the respective cation, V is the molar volume of the mixture and V0 is a constant nearly independent of temperature.
We have tried to fit the bu and bK values in the present system to (2). The parameter values thus obtained are given in Table 3 . In order to show the V dependence explicitly, bjj and b^ are plotted vs. V at several temperatures in Figs. 5 and 6, respec tively.
As seen from Fig. 5 , bL l seems to be well expressed by (2) with the parameter values of Table 3 ; at low temperature and, particularly, at high concentration of LiCl, bu is smaller than expected from (2), presumably because the effective free space is too small. This had been observed also for bu in alkali nitrate mixtures at high concentrations of L iN 0 3 [15] . V0 seems to be dependent on temperature, whereas in molten nitrates it is virtually tempera ture-independent [16] . V at the Chemla crossing point is nearly independent of temperature, as seen from Fig. 5 , because V increases with T at constant -vLi but decreases with .Vy, the latter increasing with T. The bK values of the fictive melts of pure KC1 in Fig. 6 have been obtained through extrapolations of the data at higher temperatures [12] . As seen from Fig. 6 , bK can also be expressed in the form of (2), except at lower temperatures, where the effective free space is too small. In the case of (Li, K )N 0 3, however, the values of the parameters of (2 ) are somewhat different from those for such mixtures as (K, R b )N 0 3 and (K, C s)N 0 3, for which the Coulombic attraction effect is the dominant factor for bK. The agitation effect and the free space effect should be included in the equation for bK in the present case. This will be clarified when bK is measured in such systems as (K, Rb)Cl and (K. Cs)Cl. In the present case V0 seems to be strongly dependent on the temperature, which is in contrast to the case of nitrates.
As stated in Results, an anomalous distribution of the Li+ isotopes was observed in all the runs. The distribution of the chemical composition in the separation tube after some time of electromigration is schematically shown in Figure 7 . Enrichment of 6Li is to take place in the region where d.Yu /d r < 0, although enriched 7Li at the anode is diffusing into some part of this region near the anode. This was discussed in detail in the previous paper [8] .
The temperature dependence of the isotope effect for Li+ and K+ ions in the mixture, expressed as the mass effect [17] , is compared with that for pure LiCl [18] and KCl [19] in Fig. 8 ; the mass effect // is defined as £Li(K) divided by the relative mass differ ence [17] , The data scatter mainly because of errors in mass spectrometric measurements. However, the following may be mentioned.
It is evident that //Ll is greater than //K at every temperature. It seems that the mass effects in the present mixture are more or less consistent with the extrapolation for the pure salts, although the present temperature range is far below that for pure LiCl (993-1173 K) [18] and KC1 (1093-1293 K) [19] , The temperature-dependence of the mass effects of Li+ in the present system seems to be small, if any; this is in contrast to that in the (Li, K)NO? mixture of the eutetic composition, where both f.iL l and //K clearly increase with temperature [20] , For the main purpose of studying the chemical and isotope effect of the internal mobilities, molecular dynamics simulation has been done for the present system [21] . A detailed discussion concerning the isotope effect will be given there.
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